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Abstract 
The flow characteristic of a new type of aluminium foams is described by high temperature viscosimetry. Rheological 
measurements were performed on stable foams with cone-plate rheometer. Due to our unique technology stable foams can be 
produced with different cell size. Foams were produced from various foamable alloy compositions containing different alloying 
elements and solid particles. Time dependence of aluminium foams was also investigated. Results show a shear-thinning 
behaviour with a strong dependence of yield stress on bubble size. Below a critical bubble size aluminium foams are stable 
against shear stress, and show fluid-like flow without degradation. This property allows filling moulds to produce foamed 
aluminium castings. 
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1. Introduction 
Foam is considered as a complex material that is solid under low stress but it flows like a fluid under high stress. 
There is a range of strain over which foams are elastic and their deformation recoverable. Beyond the elastic range 
of strain when the applied stress exceeds a critical value (yield stress), foams are plastic and flow as a non-
Newtonian fluid due to the irreversible rearrangement of bubbles (Weaire (2008)). In foam rheology one must take 
account of several parameters. Measuring geometry is crucial as the size of bubbles is not negligible compared to the 
sample size and the measuring gap. Rheological behaviour is mainly determined by bubble size and liquid content of 
foam. Although these parameters can be monitored with difficulty (Heller and Kuntamukkula (1987)) many studies 
have been published applying concentric cylinder, plate-plate and cone-plate geometry (Herzhaft (1999)). Wet foams 
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are thermodynamically unstable systems, which can keep their structure for limited time against degradation such as 
rupture, coalescence or drainage (Weaire (2008)). After the original observations of Ramsden (Ramsden (1903)) and 
Pickering (Pickering (1903)) several researcher used particles to improve stability (Dickinson (2009), Horozov 
(2008), Hunter et al. (2008)). Particles adsorbed at the gas-liquid interface prohibit bubble coalescence and form an 
interfacial armour that hinders gas diffusion resulting that particle-stabilized foams exhibit enhanced stability 
compared to foams stabilized by surfactants (Gonzenbach et al. (2007)). Moreover, in liquid aluminium our foaming 
gas does not diffuse though the melt. For stabilizing aluminium foams ceramic particles are used (Ashby et al. 
(2000)). 
These metal matrix composites (MMCs) are suspensions from rheological point of view. 
2. Experimental 
2.1. Method 
Rheological behaviour of foams was characterized by Anton Paar MCR 501 rheometer with a TC 1000 high 
temperature accessory. All measurements were carried out at 700°C under Ar flow. Graphite crucible (inner 
diameter 26mm) and graphite spindle (cylinder with conical bottom) were used. Originally this measurement setup 
was concentric cylinder recommended for investigating metallic melts. Due to  narrow measuring gap between the 
two cylinder this setup was not suitable for measuring rheological parameters of aluminium foams, therefore only 
the lower side of the spindle was used resulting a cone-plate measuring geometry (cone angle: 15°, measuring gap: 
4mm). Outer crucible was used for equipment protection against high temperature melt. Sample size seemed to be 
very important therefore most of the measurements were carried out on precisely machined foams. Foam samples 
were inserted to the pre-heated crucible and remelted. Experimental setup is illustrated in Fig. 1, on the left side the 
cross section of the outer crucible and the conical spindle, on the right side the measuring system filled with 
aluminium foam (dark gray) can be seen. Measurements were performed under steady-shear conditions, for highly 
compressed foams shear rate varied from 0.1 to 100 1/s, for metal matrix composites from 0.001 to 250 1/sec. For 
slightly compressed foams hysteresis measurements were performed from 0.001 to 100 1/sec and backward. 
Hysteresis measurements were repeated three times. 
2.2. Materials 
Foamable metal matrix composites were produced by melt route from cast (AlSi9, AlSi10) and wrought 
(AA6061) alloy matrices and SiC and Al2O3 ceramic particle reinforcements.  
The microstructure of the investigated MMCs from which the foams were made by ALUHAB aluminium 
foaming technology (Babcsan et al. (2012)) are represented in Fig. 2. 
 
  (a)  (b) 

Fig. 1. Schematic view of experimental setup for measurement of 
aluminium foam melts.
Fig. 2. (a) AlSi9/20vol%SiCp(10μm) optical and (b) 
AA6061/5vol%Al2O3p(2μm) SEM images of the microstructure of the 
foamable composites
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3. Results and discussion 
3.1. Effect of heat treatment on rheology 
Among the metallic elements, aluminium has one of the highest chemical reactivity in liquid state, so Al melt 
reacts with several ceramics. The reaction product often modifies the surface of the particle resulting in a coating. 
These coatings are impairing the mechanical properties and could influence the foamability of the MMC melt 
(Vaucher Beffort (2001)). Al/SiCp is also a reactive system, in which aluminium carbide forms.  
This chemical reaction modifies the wetting properties of aluminium melt on ceramic particles which affects the 
inner structure of concentrated suspension (Bao et al. (2012)). 
Aluminium melt wets better Al4C3 than SiC which means that aluminium carbide has a lower tendency to form 
aggregates, and the breakdown of particle network needs less energy (Szanto et al. (1970)). At 800°C the chemical 
reaction is significant, that is why the formation of Al4C3 causes lower viscosity (Fig. 3.) and yield stress does not 
appeared during flow due to the weaker particle network (Fig. 4.). 
3.2. Rheology of liquid aluminium foam 
3.2.1. Effect of cell size 
Our aluminium foams show shear-thinning behaviour, their viscoplastic properties cause lower viscosity at higher 
shear rate. As it is shown by the curves of Fig. 5. the viscosity of foams increases with bubble size. First and second 
flow curves of the foam having 0.5mm cell diameter are fitting which shows that foam kept its structure under shear. 
 
Fig. 3. Flow curves of AlSi9/20vol% SiCp(10μm) composites heat-
treated at different temperatures (time of heat treatment: 1h). Fig. 4. Viscosity of AlSi9/20vol% SiCp (10µm) composites heat-treated at different temperatures. (time of heat treatment: 1h)
 
Fig. 5. Viscosity of aluminum foams having different cell size. 
Precursor: AlSi9/20vol% SiCp(10μm). Fig. 6. Shear stress vs. time of foams of cell size 0.7 mm at different shear rate. Alloy: AlSi9/20vol%SiCp(10μm)
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3.2.2. Time-dependence 
As foams are metastable systems, time dependent rheological properties were also investigated (Fig. 6.). By the 
increment of shearing time the shear stress increases. After reaching a maximum value it starts to decrease. 
The peak of the curves is the absolute yield limit which gives us the shear stress needed to break up the inner 
structure (Cibulya (2009)). The yield limit appears after the same time interval in each case of different shear rates, 
and its value is the same in case of 5 and 10 1/sec. The results show that submillimetre cell size aluminium foams are 
stable for long time at moderate shear rates. 
 
Fig. 7. Hysteresis curves of foam made from AA6061/5vol%Al2O3p(2μm), cell size: 0.7mm, density: 1.0g/cm3 (marker thickness: 1mm). 
Fig. 8. Hysteresis curves of foam made from AA6061/5vol%Al2O3p(2μm), cell size: 1.0mm, density: 0.7g/cm3(marker thickness: 1mm). 
 
Fig. 9. Hysteresis curves of foam made from AA6061/5vol%Al2O3p(2μm), cell size: 0.8mm, density: 0.9g/cm3 (marker thickness: 1mm). 
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3.2.3. Effect of foam structural homogeneity 
Apparent viscosity of homogeneous sub-millimeter cell sized aluminum foam is represented in Fig.  7. At low 
shear rate viscosity remains constant and above a critical shear rate foam begins to flow as a shear-thinning fluid. In 
the second stage of hysteresis measurement apparent viscosity is the same as measured at increasing shear rate until 
the critical shear rate. At low shear rate viscosity increased logarithmical by decreasing shear rate. During repeated 
measuring cycles viscosity shows similar values, significant difference can be seen only at the second stage of the 
third cycle. Foam having larger cell size exhibits similar flowing behaviour (Fig. 8.) but viscosity decreased by 
repeated cycles.  
Although cell size is a crucial parameter of flowability sub-millimeter cell sized foams can degrade rapidly under 
shear condition in case of structural inhomogeneity. Investigated foam represented in Fig. 9. has regions where 
aluminium accumulated due to drainage (dark  areas). Initial value of apparent viscosity is the same as in case of 
foams with homogeneous cell structure but by increasing shear rate it decreases continuously, it is one order of 
magnitude less at the same shear rate. Hysteresis curves of aluminium foam samples having varying cell size and 
density show the effect of foam parameters on rheological behaviour. Foam sample having small cells and 
homogeneous structure stands against several shearing cycles while in case of larger cell size and structural defects 
the foam collapses after the first cycle (Fig. 7-9.). 
4. Conclusion 
Fluidity of aluminium foams strongly depends on cell size and homogeneity. ALUHAB is a new type of 
aluminium foams with controlled, homogeneous cell sizes. Sub-millimeter bubble size, monodispersity and high 
stability allow the production of cast foam parts. 
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